SUMMARY The Western Collaborative Group Study (WCGS) is a prospective epidemiological study of 3,154 initially well men, aged 39-59 years at intake in 1960-61, who were employed in ten participating companies in California. Clinical coronary heart disease (CHD) occurred in 257 men during a follow-up period of eight and one-half years. Coronary heart disease risk is predicted using the additive multiple logistic model with the risk factors: age, cholesterol, systolic blood pressure, hematocrit, ECG status, smoking at intake, and relative body weight. The predicted individual CHD risk levels, using the logistic results derived from the WCGS data, are highly correlated with predicted risk levels using a Framingham study (FS) equation for these same risk factors with 12-year follow-A FEATURE COMMON TO ALL PROSPECTIVE EPIDEMIOLOGICAL STUDIES of coronary heart disease (CHD) has been the absence of random choice in the selection of the study subjects from the over-all population to which it is desirable to generalize results. For example, even when a 100% survey of the community of Tecumseh' was attempted, the 10% nonresponse rate, as well as the difficulty of proving that Tecumseh is representative of other communities, weakens the logical basis for wider application of the findings. Confidence in making generalizations based on the results must therefore accumulate through replication of such studies and from examination of the consistency of findings from one group to another.
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A number of prospective studies have consistently shown biologically and statistically significant associations of traditional risk factors such as age, serum cholesterol, blood pressure, and cigarette smoking with the incidence of CHD. These and other factors have been studied in various combinations in an attempt to provide a composite assessment of CHD risk through use of multivariate analyses such as the multiple logistic risk model.2 However, little work has been reported which compares the results of different studies in the United States via these composite risk scores. 3 In the present report the consistency of multivariate findings of the Western Collaborative Group Study (WCGS)4 and the Framingham Study (FS)5 is examined and factors which may introduce spurious differences in the multiple logistic results from one study to another are discussed.
A second common feature of the multivariate assessment of CHD risk has been the search for additional factors which have significant predictability that is not explained by up. The observed number of CHD events in the WCGS is not significantly different from the expected number of events derived from the FS logistic equation, after correction for length of follow-up.
Multiple logistic analysis of the direct association between CHD incidence and behavior pattern gives an approximate relative risk of 1.9 (P= 0.0006) and 2.1 (P= 0.0015) for Type A compared to Type B men aged 39-49 and 50-59 years, respectively. It is estimated that removal of the excess risk associated with Type A behavior would correspond to a 31% (standard error = 6.6%) reduction of coronary heart disease incidence in the Western Collaborative Group Study population.
association with other known CHD risk factors. In the present report the CHD predictability associated with the behavior pattern classification in the WCGS4 is assessed via the multiple logistic risk model in the context of a set of risk factors chosen for purposes of comparison with the FS results.
Methods and Material
The Western Collaborative Group Study (WCGS) is a prospective epidemiological study of 3,154 initially well men, aged 39-59 years at intake in 1960-61, who were employed in ten participating companies in California. 4 Data collection was terminated with the annual follow-up examination in 1969, resulting in 81/2 years of follow-up. Clinical CHD occurred in 257 men, giving a crude, average annual incidence rate of 9.6 per 1,000 subjects at risk. Detailed descriptions of the study population and methodology are provided in earlier reports4' 6 and only those features which are particularly relevant to this report are again described.
The choice of a set of risk factors for assessing comparability of the WCGS and FS findings was based on two considerations. First it was desirable to include as many relevant risk factors as possible. Secondly, a set of risk factors that would provide data with follow-up length as close as possible to 8½1/ years was sought. The risk factors considered by Truett et al.2 for the FS provided the best choice for purposes of comparison, despite the longer follow-up (12 years) in the FS. The selected set of variables includes age, serum cholesterol, systolic blood pressure, cigarette smoking, relative body weight, ECG, and hematocrit. Other FS risk equations, which include blood sugar as a risk factor, could not be used for comparison purposes since this characteristic was not measured in the WCGS.
Comparable methods for measuring age, relative body weight, systolic blood pressure, and smoking were employed in the two studies. Reported cigarette smoking was categorized as a four-level variable with values 0, 1, 2, and 3 corresponding to no smoking, less than a pack, exactly a WESTERN COLLAB -FRAMINGHAM COMPARED/Brand et al.
pack and more than one pack a day, respectively. Relative body weight was calculated using internally derived median weight for height as was done for the FS.
Hemoglobin was not measured in the WCGS but the hematocrit was determined at the second yearly follow-up exam. In order to apply the FS logistic equation to the WCGS data, the logistic coefficient for hemoglobin (dg/100 ml) was scaled for use with hematocrit (%) as the predictor through the relationship, B (hematocrit) = B (hemoglobin) X (Av. hemoglobin/Av. hematocrit). The data from FS exam No. 4,7 when both hemoglobin and hematocrit were measured for the same subjects, were used to provide the ratio of the averages needed for scaling. For men aged 39-49, the factor was 3.1477 (dg per 100 ml)/% and for men aged 50-62, the factor was 3.1223 (dg per 100 ml)/%.
Intake serum cholesterol was determined by the AbellKendall method4 in the WCGS and by that of Sperry5 in the FS. During the first FS follow-up exam, the Abell-Kendall method was used and resulted7 in only small changes in mean cholesterol levels compared to earlier levels obtained from the same subjects using the Sperry method.
The risk prediction is accomplished in both studies via the multiple logistic model in which CHD risk (R) is represented by the equation, R = 1/(I + e-(Bo+BlXl... +BkXk)) where Bo, B, . . ., Bk are k + 1 logistic coefficients estimated from data consisting of CHD status at a specified time and measured levels for k risk factors, Xl, X2 . . ., Xk, for each subject. Alternatively, the logistic model can be expressed in the linearized form In (R/1-R)) = Bo+B,Xl *.. +BkXk where the quantity ln (R/(1-R)) is called a logit of R and is the transformation from which this model derives its name.
The coefficients in the multiple logistic risk model were estimated from WCGS data by the method of maximum likelihood. Discriminant analysis2 was used to provide initial values, followed by Gauss-Newton iteration. This approach was found to be more efficient computationally than the equivalent Walker-Duncan8 method of iteration for obtaining the maximum likelihood estimates. The estimated logistic coefficients divided by their estimated standard errors obtained from asymptotic maximum likelihood theory provided test statistics with approximately "standard" normal distributions for assessing the statistical significance of each estimated coefficient. Maximum likelihood estimated logistic risk equations for the chosen set of predictors were obtained for the FS data from the report by Halperin et al.9 In the WCGS the diagnosis of manifest or clinical CHD was defined to include three categories. One was a history of classical angina pectoris without apparent myocardial infarction, which was manifested during follow-up by 51 In the WCGS population, intake serum cholesterol measurements were missing on 12 subjects. Hematocrit measurements were missing on 579 subjects who were absent from follow-up at the second annual resurvey examination when hematocrit was determined. These subjects were retained in the analysis by using grand means of the respective measurements to fill in for missing values. Although the properties of this method for handling missing for men grouped by intake ages 39-49 and 50-59, along with corresponding results obtained from the FS.'
In view of the structural constraints introduced into data analysis by assumption of the multiple logistic model, the goodness of fit of the model to the WCGS data must be assessed. In the absence of well-established criteria for assessing statistical significance of departures from this model, we used methods which have become traditional in epidemiological literature. Observed and estimated expected numbers of CHD cases are compared after grouping sub- figures 3 and 4 shows the corresponding results for Type B subjects. The separation between the upper and lower curves constructed in this way reflects not only the direct association between CHD incidence and behavior pattern but also some excess risk in Type A subjects due to their slightly elevated levels of the other risk factors.
In Appendix I an adjustment procedure is described which partitions the separation between the upper and lower curves into two parts. The partitioning is accomplished by removing the direct component of risk corresponding to Type A behavior from Type A subjects in each decile group to give the center curve. The spacing between the upper and middle curves in figures 3 and 4 reflects the CHD risk directly associated with Type A behavior. The residual separation between the middle and lower curves reflects the added CHD risk in Type A subjects that comes from their tendency to have somewhat elevated levels of other risk factors compared to Type B subjects. '3 The curves in figures 3 and 4 reveal a feature of multiple logistic risk analysis that may not be well known. When risk (R) is directly assessed, rather than indirectly assessed in terms of its logit transform, ln(R/(R-R)), the logistic model necessarily reveals interaction between risk factors. That is, the change in risk per unit change in one risk factor depends on the levels of the remaining risk factors. For example, the striking synergistic relationship between behavior pattern and the composite of the remaining risk factors is obvious in figures 3 and 4. For men aged 39-49, in the lowest risk decile, the excess CHD risk directly related to Type A behavior is 9.2/1,000 subjects, while in the highest risk decile the corresponding excess risk is 104.2/1,000 for Type A subjects. Similar results are found for men in the older age decade.
Discussion
Epidemiological studies have shown a significant relationship between the incidence of CHD and various prospective characteristics commonly termed risk factors. The prospective study at Framingham (FS) provided the basis for a multivariate risk equation2 for CHD prediction based on intake age, serum cholesterol, systolic blood pressure, relative body weight, hematocrit, cigarette smoking, and ECG findings. It appeared important to test the generalizability of this equation for predicting the occurrence of CHD in another population, the Western Collaborative Group Study (WCGS).4 As part of this effort, possible differences between these two studies, which could potentially diminish applicability of the FS equation to the WCGS population, were identified.
The definition of CHD, both for exclusion of subjects with CHD at intake and for identification of new CHD cases, could directly influence comparability of results, especially when considering absolute risk. At intake, subjects in the WCGS who manifested "silent" left-sided hemiblocks and complete left bundle branch block were considered CHD cases and were excluded from the subsequent incidence study. By comparison, these electrocardiographic entities were coded only as abnormal ECG at intake in the FS.
A second difference between the two studies occurs because at intake only subjects with "definite" and not those with "possible" LVH were coded abnormal ECG in the WCGS, whereas both of these were coded abnormal ECG in the FS. As might be anticipated from these differences in definition, an abnormal ECG was found to be a substantially weaker predictor of CHD in both age decades in the WCGS compared to the FS findings. However, the differences in the WCGS and ES logistic coefficients for ECG in each age decade failed to reach impressive statistical significance levels (see table 4 ).
For the other risk factors the differences in predictive strengths in the two studies, as measured by estimated logistic coefficients, are more difficult to interpret. Although some of the observed differences were sizable in a predictive sense, none were statistically significant at the P = 0.05 level. For example, for men in the younger age decade, the approximate relative risk per 100 mg/100 ml of serum cholesterol is 2.10 (e7) in the FS and 3.32 (e'21) in the WCGS. However, the single comparison significance probability for this difference does not reach statistical significance (P = 0.105). In general, the observed differences can be reasonably ascribed to the substantial chance variation in the estimated coefficients. This variation is not surprising since the precision of an estimated logistic coefficient is determined by the number of CHD cases that occur rather than the total number of subjects.
Another feature which could spuriously influence comparability of the absolute risk levels from one study to another can be deduced from the formulas used to estimate logistic coefficients. It can be seen from the closed-form results available for the discriminant analysis approach to logistic estimation2 that the coefficients which multiply risk factors depend on differences in average levels of risk factors in the CHD and the non-CHD subjects. Thus any shift in measurement procedure which uniformly influences all members of the study will not influence the estimation of these coefficients. On the other hand, the equation for estimating the intercept in the logistic model can be seen to depend on the sum of the average levels for the risk factor in the CHD and non-CHD subjects. Thus any spurious shift in the average levels of the risk factors from one study to another may significantly influence the constant, Bo, in the logistic model, which to a large extent determines the overall level of risk. In view of the close agreement between the results obtained by discriminant analysis and maximum likelihood estimation,9 similar conclusions would be expected to apply to maximum likelihood estimates of the logistic coefficients. In the absence of a sample of subjects with dual measurements, it is impossible to determine whether differences in the average levels of risk factors are the results of measurement bias or reflect real differences in the populations.
A common logistic risk equation in both populations should be estimated in an unbiased way for large samples by the maximum likelihood method, even in the presence of real shifts in the average levels of risk factors from one population to another. Only the statistical efficiency of the estimation procedure, as reflected in standard errors, should be affected and only a population clustered around a portion of the risk factor range would lead to seriously diminished statistical efficiency. Thus differences in the age ranges in each decade group in the two studies as shown in table 1 should cause no difficulty when the results from one study are applied to the other.
A discrepancy between findings can be expected from differences in distributions of levels for strong risk factors which are not assessed in the risk equation. This bias in absolute risk levels is exemplified by the discrepancies between logistic results for European and American men,3 and probably also underlies the black-white differences observed in the Evans County study,'" since other major sources of potential shift in absolute risk levels would inherently be avoided in comparisons of subgroups of an over-all study in which measurement method, length of follow-up, and definition of CHD would be standardized.
Despite these possible difficulties, the CHD predictions for WCGS subjects, using the multiple logistic equations derived from the WCGS, and the FS findings, after adjustment for length of follow-up, show very good agreement for absolute risk levels. Also, good relative agreement was found between the WCGS and FS risk predictions except for a small proportion of the WCGS population represented by the outlying points in figures 1 and 2. This is a welcome confirmation in view of the widespread dissemination of the Framingham results. Important risk factors which are not included in the risk equations can be assumed to occur in about the same proportions in these two populations and bias in CHD definition and measurement of risk factors appears to be negligible. However, more elaborate situations with counterbalancing effects cannot be logically excluded as an explanation for the remarkable agreement between these two studies.
The results of the various statistical analyses in this report indicate that substantial CHD risk is directly associated with the Type A behavior pattern. Furthermore, such Type A behavior does not appear to diminish as a risk factor in older compared to younger men.
Despite its prevalence and apparent pathogenetic force, the addition of the behavior pattern to the logistic risk equation adds little improvement to effectiveness and efficiency of selection of CHD cases. If, for example, subjects in the 10th risk decile were chosen for intervention using the logis- It appears that similar results can be expected for any of the traditional risk factors when assessed as a last addition to a list of other risk factors. This observation raises important questions about the number and strength of additional independent risk factors that might be needed to substantially increase the effectiveness and efficiency of selection of subjects for intervention programs. It further suggests that the strength of a particular risk factor may not be as important from the point of view of intervention as the ability to safely and conveniently achieve even a moderate risk reduction in a large number of persons.
Epidemiological studies such as the WCGS and the FS can be used to find statistical associations between various risk factors and CHD incidence. However, such studies cannot establish cause and effect relationships. Reduction of risk factor levels and realization of corresponding reduction in CHD risk can only be demonstrated by primary and secondary intervention studies. Nevertheless, it is of interest to interpret the multivariate findings in the WCGS in order to assess the potential for CHD reduction that might be associated with behavior pattern intervention, assuming cause and effect pathways are both present and fully modifiable.
We can ask, what reduction might occur in the CHD incidence if all of the direct risk associated with Type A behavior were eliminated from the population. The CHD risk among Type B subjects would be unchanged but risk among Type A subjects would be reduced to the level given by the middle curves in figures 3 and 4. For this calculation only Type A behavior and not levels of other risk factors are assumed to be modified. Details of the calculation procedure are shown in Appendix 2. In the younger decade the estimated CHD risk per 1,000 subjects over a period of 8.5 years would be reduced from 64.5 to 46. 1, which would give a 28.5% reduction in CHD cases with an estimated standard error of 7.6%. In the older decade the estimated CHD risk per 1,000 subjects in 8.5 years would be reduced from 123.8 to 81.5 which would give a 34.2% reduction with an estimated standard error of 9.9%. For both age groups combined, the estimated percentage reduction in CHD cases in the WCGS population, assuming removal of all of the direct risk associated with Type A behavior, is 31% with an estimated standard error of 6.6%. However, such intervention has not yet been formally achieved and the possible risk reduction that might be associated with successful behavior modification remains theoretical at this juncture. The Appendix 2
The following definitions are needed to specify the procedure for assessing the reduction of CHD risk that would be expected if the direct risk associated with Type A behavior could be completely eliminated from the population. Let N, NA and NB be the numbers of total, Type A and Type B subjects, respectively, in a particular age decade group (see 
